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IN THE SPECIFICATION 

Please amend page 1 by inserting the following heading between the title of 
the invention and the first paragraph: 

" FIELD OF THE INVENTION " 

Please amend page 1 by inserting the following heading between the first and 
second paragraphs: 

" BACKGROUND OF THE INVENTION " 

Please amend page 2 by inserting the following heading on line 15: 
" SUMMARY OF THE INVENTION " 

Please amend page 7 by inserting the following heading on line 6: 
" BRIEF DESCRIPTION OF THE DRAWINGS " 

Please amend page 8 by inserting the following heading above line 1 : 
" DETAILED DESCRIPTION OF THE INVENTION " 

Please amend page 16 by inserting the following language between the 
"CLAIMS" heading and claim 1: 

" I/We claim: " 

Please amend pages 2-5 by deleting the text beginning on page 2 line 27 and 
ending on page 5 line 3 as follows: 

" As us e d h e re i n, th e t e rm "fluorocompound" m e ans any sp e c i es compris i ng fluorin e , 
and i nclud e s f l uorocarbons, perfluorocompounds and hydrofluorocompounds, such 
as CF 41-G2F6 , CHF a-r^fig , and C ^ s, that can b e conv e rted into C0 2 and HF, wh i ch 
can b e tak e n i nto solut i on i n a w e t scrubb e r. Oth e r e xamp le s ar e NF 3 , wh i ch can b e 
conv e rt e d into N g and HF, and SF§, which can bo converted i nto S0 2 and HF. 
By prov i d i ng a m e thod i n wh i ch h e at e d OH ' and/or H* ions ar e form e d from a 
su i tab le source ther e of, such as water or an a l coho l , for subs e qu e nt r e act i on w i th a 



2 



International Application No. 
PCT/GB2005/000619 



National Stage 
Preliminary Amendment 



PFC component in an offluont gas str e am, i t has boon found that th e e nergy requ i r e d 
to caus e th e d e struct i on of th e PFC compon e nt of th e gas str e am can b e r e duc e d, 
and tho efficiency of that d e struct i on can b e rad i ca l ly improved. For examp l e, H * 
and OH " i ons formed from th e d i ssociation of wator ar e capab le of r e act i ng with a 
PFC conta i n e d i n th e gas str e am within a r e action chamb e r at ambiont temperatur e , 
and thus at a much low e r temp e ratur e than would bo requ i red if the wator had not 
b ee n pr e- ionised b e for e b ei ng i ntroduc e d into the wast e str e am. 

By i nject i ng th e p l asma str e am i nto th e chamb e r through an ap e rtur e , anoth e r 
advantag e i s prov i d e d by not br i ng i ng th e e qu i pm e nt us e d to g e n e rate the p l asma 
str e am i nto contact w i th ei th e r th e e ff l u e nt gas str e am or any b y products from th e 
r e act i on of th e PFC w i th th e OH " and/or H * i ons. As a r e sult, any one of a rang e of 
oqu i pmont may bo usod to gonorato tho p l asma stream. I n tho preferred 
e mbodim e nt, a plasma i s g e n e rat e d to d e compos e a p l asma sourc e gas to produc e 
tho p l asma stream. For oxamplo, tho p l asma may bo gonoratod us i ng a D.C sourc e 
or radiat i on at a fr e qu e ncy of around 580 kHz, 13.56 MHz, 27 MHz, 915 MHz or 2.45 
GHz to g e n e rat e a plasma str e am from th e p l asm a source gas. Alternat i v el y, a g l ow 
d i scharg e may b e g e n e rated to d e compos e th e sourc e gas. As is wel l known, a 
glow d i scharg e i s a l um i nous, th e rmal plasma form e d by a pp l y i ng to a gas a vo l tag e 
that i s greater than tho breakdown vo l tage of that gas. Tho p l asma str e am may a l so 
b e g e n e rat e d by a d i scharge oth e r than a g l ow d i scharg e , for e xamp le by a corona 
discharg e or an arc d i scharg e . Such a d i scharg e may be g e n e rat e d us i ng a p l asma 
gun, i n wh i ch an ele ctr i c arc i s cr e at e d betw ee n a wat e r - cool e d nozz le (anod e ) and a 
centra ll y l ocated cathod e . A str e am of sourc e gas, for e xamp le , a n i n e rt, i onisab l e 
gas suc h as nitrogen or argon, pass e s through th e ele ctr i c arc and i s d i ssociat e d 
th e reby. The plasma stream issuing from th e nozz le r e s e mb l es an op e n oxy - 
ac e ty le n e flam e . 

Th e p l asma str e am thus prov i d e s a dua l ro le of (a) g e nerat i ng ad e quat e sp e ci e s i n 
the form of H * and/or OH " i ons that would th e n r e act w i th th e PFC compon e nt of th e 
gas str e am, and (b) impart i ng heat as th e in i tiat i on e nergy that e nabl e s th e r e act i on 
b e tw e en th e i ons and th e PFC. 
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Furth e r advantag e s are that a rolat i voly cheap and read i ly ava il able fluid, such as 
w a t e r vapour or a fu el , for e x a mpl e hydrog e n, hydrocarbon or an a l coho l , can b e 
used to g e n e rate H * a nd/or OH ' i ons, and that th e r e action can tak e p l ac e at any 
conven ie nt pressur e , for e xample, around or be l ow atmosphoric pressure. 
Exampl e s of a su i tabl e a l coho l i nc l ud e m e thano l , e thanol, propanol, propan 2 ol and 
butano l . Other examples of a source of H* i ons include hydrogen, a hydrocarbon, 
ammon i a and a paraff i n. 

Var i ous t e chn i qu e s may bo used to form the i ons using a plasma gun. I n a first 
t e chn i qu e , a p l asma str e am i s form e d and, pr i or to th e inj e ct i on of th e p l asma str ea m 
i nto the chamber, water (as an examp le of a su i tab l e sourc e of th e s e i ons) i s 
convey e d to th e str e am so that a flam e conta i n i ng th e se ions is injected i nto the 
chamb e r to abat e th e effluent gas str e am w i thin. Th e wat e r may b e conv e y e d to th e 
plasma stream separate l y from the source gas, or w i thin a fluid m i xture compr i s i ng 
both wat e r vapour and th e sourc e gas. I n a s e cond t e chn i qu e , both wat e r and th e 
e fflu e nt gas str e am ar e s e parat el y conv e y e d into th e ch a mb e r. Th e wat e r i s 
d i ssociat e d by th e flame to form hoatod i ons w i thin tho chamber, wh i ch i ons 
subsequ e nt l y r e act w i th th e PFC compon e nt of th e wast e str e am. In a third 
t e chniqu e , th e e ff l u e nt gas stream is convoyed to the p l asma stream pr i or to i ts 
i nj e ction i nto the react i on chamb e r, so that both th e p l asma str e am and th e gas 
str e am, wh i ch may compris e th e PFC and/or radicals g e n e rat e d from th e PFC, ar e 
i njected into tho reaction chamber. — Wat e r may b e conv e yed to tho p l asma stream 
upstr e am from th e ap e rtur e , that i s, w i th on e of th e source gas or th e e ff l u e nt gas 
stream, or separate l y therefrom, or may bo conv o y e d to th e p l asma str ea m 
downstr e am from th e nozzl e , for e xampl e , d i r e ct l y to th e r e act i on chamb e r. In this 
case, the water may i mping e upon th e plasma str e am to form h e at e d i ons within th e 
chamb e r for r e acting with the PFC and/or th o PFC rad i cals, and/or may r e act d i rect l y 
with th e PFC rad i ca l s w i th i n th e chamb e r for abat e m e nt th e r e of. " 

Please amend page 5 line 3 to read as follows: 
" Thus, in ln a second aspect A the present invention" 



4 



International Application No. 
PCT/GB2005/000619 



National Stage 
Preliminary Amendment 



Please amend pages 5-6 by deleting the text beginning on page 5 line 10 and 
ending on page 6 line 9 as follows: 

"I n th e pr e f e rred e mbod i m e nt, a s i ngl e plasma gun is us e d to i nject th e p l asma 
str e am into tho reaction chamb e r. However, a p l ura li ty of such guns may b e 
provided to injoct a p l ura li ty of p l asma str e ams into th e samo chamber, oach for 
ab a ting a common or r e sp e ct i ve gas stream. A l tornativoly, a p l urality of gas str e ams 
may b e conv e y e d to a singl e chamb e r, into which a s i ng l e plasma str e am i s i nj e ct e d. 
Th i s can incroaso further tho efficiency of tho treatment of tho wast e stream. Those 
guns may b e connect e d to a common pow e r sourc e or to r e spect i v e sourc e s. 

Depend i ng on whether tho chamber i s connected to tho in l et or th e out l et of a pump 
for pump i ng th e gas str e am from, for e xamp le , a proc e ss too l , and the f l ow rate of 
th e gas str e am, th e chamber may b e at any pr e ssur e in th e rang e from 1CT 3 mbar to 
2000 mbar. 

Depend i ng on tho natur e of the react i on occurr i ng with i n th e chamb e r, th e 
abat e m e nt of th e fluorocompound w i th i n th e gas str e am may be promot e d by 
h e ating th e chamb e r, for e xamp le , to a t e mp e rature i n th e r an g e fro m amb ie nt to 
1500°C. For examp le , th e chamb e r may b e h e at e d to a t e mp e ratur e i n th e rang e 
from 400°C to 1500°C, moro preferab l y in tho rango from 500°C to 1000°C. 

Th e ion source may b e i nj e cted into tho chamber ovor a cata l yst, for e xamp l e, on e of 
tungst e n, s ili con and i ron. 

Th e gas stream i s pr e f e rably subsequent l y conv e y e d to a w e t scrubb e r or a react i v e 
sol i d m e d i a downstream from th e chamb e r to r e mov e on e or mor e by products from 
tho react i on from th e gas str e am. Th e scrubb e r may b e coup le d c l os e to th e 
r e act i on chamber, or may b e moro romoto from tho react i on chamber. 

As prev i ous l y mentioned, the PFC may compr i s e a p e rfluor i nat e d, or a 
hydrofluorocarbon, compound, for examp l e, ono of CF4 1-G2E 6, CHF 3 l -Ga^8r-G4pgr-N^3 
and SF 6 t" 
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Please amend page 8 by inserting the following text at the end of line 13 as 
follows: 

"... and helium. As used herein, the term "fluorocompound" means any species 
comprising fluorine, and includes fluorocarbons. perfluorocompounds and 
hvdrofluorocompounds, such as CF4, C?Fg, CHF3, C sFa . and CU Fa , that can be 
converted into CO? and HF. which can be taken into solution in a wet scrubber- 
Other examples are NF 3 , which can be converted into Ng and HF t and SFg, which 
can be converted into SO? and HF ." 

Please amend page 9 line 3 to read as follows: 
"illustrated in Figure 1, the abatement device 16 may be located between the" 

Please amend page 9 by inserting the following text as a new paragraph on 
line 9 as follows: 

" In the preferred embodiment, a plasma is generated to decompose a plasma source 
gas to produce the plasma stream. For example, the plasma may be generated 
using a D.C source or radiation at a freguencv of around 580 kHz, 13.56 MHz, 27 
MHz, 915 MHz or 2.45 GHz to generate a plasma stream from the plasma source 
gas. Alternatively, a glow discharge may be generated to decompose the source 
gas. As is well known, a glow discharge is a luminous, thermal plasma formed by 
applying to a gas a voltage that is greater than the breakdown voltage of that gas. 
The plasma stream may also be generated by a discharge other than a glow 
discharge, for example by a corona discharge or an arc discharge. Such a 
discharge may be generated using a plasma gun, in which an electric arc is created 
between a water-cooled nozzle (anode) and a centrally located cathode. A stream of 
source gas, for example, an inert, ionisable gas such as nitrogen or argon, passes 
through the electric arc and is dissociated thereby. The plasma stream issuing from 
the nozzle resembles an open oxv-acetylene flame. " 

Please amend page 9 line 17 by inserting the following text as follows: 
"36. By providing a method in which heated OH" and/or H* ions are formed from a 
suitable source thereof, such as water or an alcohol, for subseguent reaction with a 
PFC component in an effluent gas stream, it has been found that the energy reguired 
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to cause the destruction of the PFC component of the gas stream can be reduced, 
and the efficiency of that destruction can be radically improved. For example, f-T 
and OH" ions formed from the dissociation of water are capable of reacting with a 
PFC contained in the gas stream within a reaction chamber at ambient temperature, 
and thus at a much lower temperature than would be reguired if the water had not 
been pre-ionised before being introduced into the waste stream. Further advantages 
are that a relatively cheap and readily available fluid, such as water vapour or a fuel, 
for example hydrogen, hydrocarbon or an alcohol, can be used to generate H* 
and/or OH" ions, and that the reaction can take place at any convenient pressure, for 
example, around or below atmospheric pressure. Examples of a suitable alcohol 
include methanol, ethanol, propanol, propan-2-ol and butanol. Other examples of a 
source of H + ions include hydrogen, a hydrocarbon, ammonia and a paraffin- 
Various technigues may be used to form the ions using a plasma gun. In a first 
technigue, a plasma stream is formed and, prior to the injection of the plasma stream 
into the chamber, water (as an example of a suitable source of these ions) is 
conveyed to the stream so that a flame containing these ions is injected into the 
chamber to abate the effluent gas stream within. The water may be conveyed to the 
plasma stream separately from the source gas, or within a fluid mixture comprising 
both water vapour and the source gas. In a second technigue, both water and the 
effluent gas stream are separately conveyed into the chamber. The water is 
dissociated by the flame to form heated ions within the chamber, which ions 
subseguentlv react with the PFC component of the waste stream. In a third 
technigue, the effluent gas stream is conveyed to the plasma stream prior to its 
injection into the reaction chamber, so that both the plasma stream and the gas 
stream, which may comprise the PFC and/or radicals generated from the PFC, are 
injected into the reaction chamber. Water may be conveyed to the plasma stream 
upstream from the aperture, that is, with one of the source gas or the effluent gas 
stream, or separately therefrom, or may be conveyed to the plasma stream 
downstream from the nozzle, for example, directly to the reaction chamber. In this 
case, the water may impinge upon the plasma stream to form heated ions within the 
chamber for reacting with the PFC and/or the PFC radicals, and/or may react directly 
with the PFC radicals within the chamber for abatement thereof." 
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Please amend page 9 by inserting the following text on line 28 as follows: 
"the plasma torch 42. By injecting the plasma stream into the chamber through an 
aperture, another advantage is provided by not bringing the eguipment used to 
generate the plasma stream into contact with either the effluent gas stream or any 
by-products from the reaction of the PFC with the OH" and/or h-T ions. As a result, 
any one of a range of eguipment may be used to generate the plasma stream. As 
shown in Figure 4..." 

Please amend page 1 1 by inserting the following text on line 5 as follows: 
"chamber 40. The plasma stream thus provides a dual role of (a) generating 
adeguate species in the form of H + and/or OH" ions that would then react with the 
PFC component of the gas stream, and (b) imparting heat as the initiation energy 
that enables the reaction between the ions and the PFC. " 

Please amend page 14 by inserting between the first and second complete 
paragraphs the following paragraphs: 

" In the preferred embodiment, a single plasma gun is used to inject the plasma 
stream into the reaction chamber. However, a plurality of such guns may be 
provided to inject a plurality of plasma streams into the same chamber, each for 
abating a common or respective gas stream. Alternatively, a plurality of gas streams 
may be conveyed to a single chamber, into which a single plasma stream is injected. 
This can increase further the efficiency of the treatment of the waste stream. These 
guns may be connected to a common power source or to respective sources- 
Depending on whether the chamber is connected to the inlet or the outlet of a pump 
for pumping the gas stream from, for example, a process tool, and the flow rate of 
the gas stream, the chamber may be at any pressure in the range from 10~ 3 mbar to 
2000 mbar. 

Depending on the nature of the reaction occurring within the chamber, the 
abatement of the fluorocompound within the gas stream may be promoted by 
heating the chamber, for example, to a temperature in the range from ambient to 
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1 500°C. For example, the chamber may be heated to a temperature in the range 
from 400°C to 1500 Q C, more preferably in the range from 500°C to 1000°C. 

The ion source may be injected into the chamber over a catalyst, for example, one of 
tungsten, silicon and iron. 

The gas stream is preferably subseguentlv conveyed to a wet scrubber or a reactive 
solid media downstream from the chamber to remove one or more by-products from 
the reaction from the gas stream. The scrubber may be coupled close to the 
reaction chamber, or may be more remote from the reaction chamber- 
As previously mentioned, the PFC may comprise a perfluorinated, or a 
hydrofluorocarbon, compound, for example, one of CF4, C? F g, CHF^, C sFa, C^Fa , NF3 
and SFg. " 

Please amend page 15 by inserting beginning line 19 the following text: 
"While the foregoing description and drawings represent the preferred embodiments 
of the present invention, it will be apparent to those skilled in the art that various 
changes and modifications may be made therein without departing from the true 
spirit and scope of the present invention. " 
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